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ABSTRACT 
The determination of particle size in suspensions is a relevant issue in many industrial 
applications, for which this size represent a quality parameter of primary importance. The use of 
particle size ultrasonic measuring systems is becoming widespread especially in those 
applications dealing with concentrate suspensions, where optic methods are less efficient.  
In this work, the analysis of amplitude and time of flight variations by means of pulse-echo a 
through-transmission techniques of different size and nature pigments and solvents is 
presented. Different frequencies and temperatures were used to detect variations of ultrasonic 
wave propagation characteristics in the suspensions. 
The preliminary results presented here show the viability of using the measurement of 
amplitude and time of flight to asses the quality of suspensions and therefore, to develop non-
invasive and non-destructive methods to control the pigment production. 
 
 
1. INTRODUCTION 
In this paper the propagation characteristics of ultrasonic waves in suspensions with different 
particle sizes and solvent have been studied. 
 
The propagation of the ultrasonic waves is widely used for the characterization of all kind of 
materials. Its use for the determination of pigment sizes in suspensions presents several 
advantages over other techniques, especially in concentrate suspensions, where optic methods 
have serious problems since the media is opaque. 
 
The continuous measurement of the ultrasonic wave amplitude and velocity at different 
frequencies and temperatures provides us a continuous monitoring of the changes in the 
suspensions. This feature can be useful for production lines where an on-line control must be 
achieved. The non-invasiveness and non-destructiveness are the main advantages of this 
technique, which does not interfere with the process studied. In addition it allows the sample 
recycling and analysis by means of other techniques, complementing the information given by 
the ultrasonic analysis. 
 
The conceptual bases of the ultrasonic measurement techniques were developed decades ago, 
and many of them have been used for suspension characterization: resonance (Gómez et al., 
2002), transmission-through (Harker et al., 1981), pulse-echo (Urick, 1948), reverberation 
(Knudsen, 1940). Short pulse techniques like through-transmission or pulse-echo are well 
suited for on-line measurements while resonance techniques can be advantageous when small 
samples must be used for the analysis. Besides the measurement technique, there are other 
variables that must be controlled to obtain an accurate suspension characterization using 
ultrasonic methods. One of them is the temperature, which is relevant, especially for sound 
speed measurements. In the case of suspensions, the homogenization of the media is also of 
great importance, and therefore attention must be given to the sample agitation conditions.  
 
Different theoretical models have been proposed to describe the velocity and attenuation 
behaviour of an acoustic wave through a suspension (Epstein and Carhart, 1953, Temkin, 2000, 
Allegra and Halley, 1971, Harker and Temple, 1987). Discrepancies between the results given 
by them arise from the different theorical hypothesis, although they agree in the qualitative 
predictions. These theories are used to obtain an interpretation of the experimental results 
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obtained in this work. Two different techniques (pulse-echo and transmission-through) were 
used to carry out the measurements. In the following sections, the experimental methods are 
described and the characterization of different liquid suspensions made with pigments is 
presented. 
 
2. MEASUREMENT TECHNIQUE 
 
2.1.  Pulse-echo measuring device 
The pulse-echo measuring device consists of a small Plexiglas chamber where a 20 ml liquid 
sample was placed for its characterization. A PZ27 piezoceramic plate which their dimensions 
are 8 mm x 5 mm x 0.4 mm from Ferroperm was attached to one side of the chamber. A 
backing made of Araldite protects the piezoelectric element. The transducer was excited with 
short electrical pulses in the neighbourhood of the resonance frequency (4,5MHz). The pulses 
travel through the liquid, reflect on the Plexiglas opposite face and return to the piezoelectric 
element. The amplitude and time of flight of the echo received are analyzed.  
 
10V peak to peak 3 cycle train bursts were generated by an Agilent 33220A Function Generator 
to excite the transducer. This emitting signal and the echo reception were sent to a Tektronix 
TDS 210 for the acquisition. Although the transducer resonance frequency was 4,5MHz, its 
band is wide enough to make measurements between 3 and 6MHz. 
 
The suspension was maintained inside a bottle in a thermostatic bath at 42ºC and was agitated 
by means of a magnetic stirrer. Once a suspension sample is put in the measuring cell, its 
temperature begins to decrease. When 41.7 ºC was reached; the echo signal is captured for 
analysis. 
 
2.2.  Transmission-through measuring devices 
The transmission-through technique consists of four measuring cells, each one formed by 
several subsystems to achieve the thermal control and the ultrasonic measurement. These cells 
are placed in couples inside two climatic chambers. The liquid samples are placed inside 
commercial 125ml Schott glass bottles with a square section to improve the coupling with the 
thermal elements and transducers. The bottles are placed inside aluminium housings forming 
the measuring cells with a dimension of 180x135x215 mm. These housings are inner covered 
with 20 mm thickness polyurethane plates, to isolate them thermally. In the housing bottom an 
IKA Mini MR Standard magnetic stirrer is located. The samples are analyzed inside commercial 
125 ml Schott glass bottles. The climatic chambers containing the measurement cells are 
isothermal containers from Melform AL-300 with 540x640x460 mm dimensions. The walls are 
made of a sandwich material formed by two layers of 3 mm thick polymer with a 50 mm 
insulating foam filling. The thermal control is achieved by means of several resistance 
temperature sensors RTD, temperature actuators (Peltier cells and heating resistances) and 
PID controllers. 
 
The ultrasonic through-transmission measuring arrangement was formed by two piezoelectric 
transducers based on PZT ceramics discs PZ27 from Ferroperm. These ceramics are 20 mm 
diameter discs with 2 mm thickness. Their working frequency is 1 MHz. A silicone layer is 
attached to each transducer to achieve a good mechanical coupling between them and the 
measuring bottles. 
 
In order to excite and receive the ultrasonic waves a compact PXI electronics is used. This way 
the instrumentation is simplified because a single module implements all the electronics for 
generation, reception and multiplexing. As well, the control of this instrumentation is made by 
programming a unique interface, which facilities the device handling. The PXI module 
incorporates the generator card ZTEC 530, the digitizer card ZTEC 410, the multiplexer card NI-
2503 and a NI-MXI-4 communication module between the NI-8336 chassis and the PC. 
Software made by using Labview 7.1 was developed to control the device. 
 
2.3. Suspensions analysed 
The suspensions studied were pigment particles solved in propylene glycol-based solvents. The 
particles are made of MgAl2O4 in which some Mg atoms were substituted by Fe and other 
substances to change their colour. For a temperature of 40ºC, the density of the particles is 
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3,5g/cm3, the solvent has a density of 908g/cm3 and the mass concentration of the suspensions 
analysed was 21%. 
 
3. RESULTS 
As it was said the propagation characteristics of ultrasonic waves in different suspensions was 
studied. In first place, the possibility of detecting particle aggregation in suspensions with similar 
characteristics was analysed. Afterwards, the acoustic behaviour of the suspension as a 
function of the temperature was measured. 
 
3.1. Frequency and particle aggregation dependence 
Two suspensions made with a black pigment were analysed using the pulse-echo technique. 
The particles having a mean diameter of 0.2µm were well dispersed in one case (suspension 
designated as G), and present some aggregation in a second case (designated as H). The 
mean diameter of the aggregates was 0.4µm.  
 
Acoustic waves corresponding to the working range of the ceramics (3-6 MHz) were emitted 
and captured by the oscilloscope. The amplitude and the time spent by the first echo to return to 
the transducer were analyzed. The figure 1 shows two acquired signals at 3 MHz belonging to 
the suspensions G and H. Different echoes can be seen in the plot. As shown, the initial echoes 
of both signals coincide perfectly. These echoes correspond to the reflections at the backing-air, 
ceramic-Plexiglas and Plexiglas-suspension interfaces. After 20µs, the waves reflected after 
propagating through the suspension arrives to the transducer. These echoes show a clear 
difference between both suspensions. 
 
The Time of Flight (TOF) and the amplitude was measured. A previous measurement of 
degassed water was used to calibrate the device and obtain the absolute sound speed value 
(figure 2.a) and the attenuation (figure 2.b) as a function of the frequency at the temperature of 
41.7 ºC. The differences between both pigments are evident from these plots. The particle 
aggregation produces an attenuation increasing and a lower velocity, making possible the 
detection of this aggregation with the ultrasonic technique. This trend is also supported by 
theoretical models. Plot 3.a and 3.b present the results obtained using Temkin’s approach for a 
suspension of silica particles in the solvent used in our experiments: for larger particles, the 
attenuation increases and the velocity decreases. There are differences between the absolute 
values obtained but the behaviour is coherent with our results 
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Figure 1. Acquired signal at 3 MHz. 
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Figure 2.a) Ultrasonic wave propagation velocity and b) Attenuation vs. frequency 
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Figure 3.a) Sound propagation speed and b) attenuation according Temkin´s approach 
 
3.2. On-line monitorization of the suspensions temperature dependence 
A new pigment sample was measured in agitation conditions during a long time period to study 
its evolution. This kind of pigment was studied because its tixotropic properties seem to be 
sensible to heating treatments. The measurement was done at two different temperatures,      
25 ºC and 45 ºC, using two of the four channels available in the through-transmission 
measuring device described before.  
 
To reach as soon as possible the working temperature, the sample analyzed at 45 ºC was 
previously heated inside a water bath during half and hour. This was not necessary for the 25ºC 
analysis since this was the ambient temperature. The ultrasonic wave amplitude changes are 
shown in figure 4. They are relative amplitude measurements and it can be seen that the 
sample at 45 ºC changes slightly during the firsts seven hours and then it becomes stable. In 
the case of the sample at 25 ºC its amplitude increases during a long time, indicating that 
changes in the suspension structure were taking place as a result of the agitation. It was not 
clear from this experiment if the sample at 25ºC suffered a most important transformation than 
the sample at 45ºC or perhaps the last one changed during the preheating stage. 
 
To clarify this point, another run was made. In this case, another two samples were analyzed. 
One was previously heated at 45ºC and then cooled until it reached the ambient temperature 
(25 ºC); while the second was not pre-treated the measurement started at 25 ºC and its 
temperature was increased until it reached 45 ºC. The results are shown in the figure 5. 
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Figure 4. Amplitude variations in two samples. The first one at 25 ºC and the second one al 45 ºC both of them with 
agitation 
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Figure 5.  Amplitude changes in two samples, both with agitation. Their temperature increases from 25 ºC until 45 ºC, to 
return subsequently to 25 ºC. 
 
A clear difference between both samples was observed since the temperature increasing in the 
preheated sample causes an amplitude decreasing, while in the sample without pre-treatment 
shows an important amplitude increasing. Both samples reached the stability approximately at 
hour three. After 7 hours (marked with the green line) the temperature controllers were 
configured to return at the initial temperature. In this case, both of them follow similar amplitude 
increasing, while the temperature decreased. Therefore, it is clear that the initial 45ºC heating 
produced changes in the suspension that remains after the suspension was cooled before the 
measurement began. These changes are compatible with aggregate rupture, because when the 
mean particle size decreases (disaggregation) the attenuation decreases also, and the 
amplitude increases. This is exactly the effect observed in the suspension which was not pre-
treated 
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4. CONCLUSIONS 
The ultrasonic wave propagation is very sensitive respect to the aggregation conditions of the 
pigments in suspension. This is appreciated in the amplitude and propagation velocity 
variations. Both of them depend on the pigment characteristics variations (nature and size), and 
the working frequency. 
 
It was shown that the results obtained are coherent with the theories describing ultrasonic 
propagation in suspensions.  
 
Concluding, this study shows two different techniques for concentrate suspensions quality 
assessment using ultrasounds. Measurements obtained can be related to suspension 
characteristics like particle aggregation. However, further studies are needed to optimize the 
procedure and obtain a closer quantitative description of the experimental data. 
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